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A reciprocating compressor that includes a cylinder block 
with a plurality of cylinder bores. A piston is positioned in 
each bore. Each piston is mounted to move in response to the 
a crankshaft, causing each piston to reciprocate within the 
cylinder bore. The compressor further includes a cylinder 
head which includes bores corresponding to the bores in the 
cylinder block. The cylinder head includes a Suction port in 
fluid communication with a Source of compressible gas and 
a plurality of Suction plenum in the cylinder head. Protru 
Sions or ribs extend into the Suction plenum. The cylinder 
head also includes a discharge plenum in communication 
with the outlet ports of the valve plate Interposed between 
the cylinder head and the cylinder block is a valve plate 
assembly having a discharge valve, and a discharge valve 
retainer having a pair of radii assembled to the valve plate 
by Snap fitting a cylinder head gasket over the discharge 
Valve and retainer. 
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CYLINDER HEAD AND WALVE PLATE ASSEMBLY 
FOR RECIPROCATING COMPRESSOR 

FIELD OF THE INVENTION 

0001. The present invention is relates to an improved 
combination of a cylinder head and valve plate assembly for 
use with a reciprocating compressor for compressing gases 
and Specifically to a novel configuration and arrangement of 
components of the valve plate assembly and cylinder head. 

BACKGROUND OF THE INVENTION 

0002 Reciprocating compressors typically operate with 
Valve plate assemblies that include a valve plate to which is 
affixed a Suction valve and a discharge valve to control the 
intake and discharge of refrigerant gas. A valve plate gasket 
is typically installed adjacent the cylinder head and the 
cylinder block. Prior art designs include a separate discharge 
Valve retainer for each bore in the compressor. Certain 
designs that employ a Single discharge valve retainer include 
a large number of bend radii, requiring very accurate parts 
in order for the discharge valve to function properly. The 
large number of bend radii is required due to the arrange 
ment of discharge ports on the valve plate. 
0003. Many of these assemblies are discussed in the prior 
art. For example, U.S. Pat. Nos. 4,867,650 (650 patent) and 
6,368,085 (085 patent) disclose refrigeration compressors 
utilizing Suction valves and valve plate gaskets comprising 
a single piece of Steel. Slots in these Suction valves are 
formed by slotting sheet of steel to form the valve and valve 
plate gasket and Suction Valve. For example, in the 085 
patent, the slot is of variable width so as to allow for uniform 
finishing operations on the valve So as to reduce or prevent 
premature valve failure. These slots do not provide addi 
tional flow area through the valve for gas when the valve is 
open during a Suction or intake Stroke of the compressor 
piston. 

0004) Other assemblies such as one described in U.S. Pat. 
No. 6,382,927 position the valve plate assembly that posi 
tion the valve plate relative to the cylinder head by utilizing 
pins projecting from the cylinder head which assists in the 
assembly, fit-up and handling of this plurality of compo 
nents. What is needed is a design that not only simplifies the 
assembly and handling of the valve plate assembly, but that 
also improves the operating efficiency of the compressor. 
When this assembly is used in a Semi-hermitic design, it 
provides the additional advantage of making disassembly 
and repair more convenient. 

SUMMARY OF THE INVENTION 

0005 The present invention comprises a reciprocating 
compressor that includes a cylinder block with a plurality of 
cylinder bores. A piston is positioned in each bore. Each 
piston is mounted to move in response to the a crankshaft, 
causing each piston to reciprocate within the cylinder bore. 
The compressor further includes a cylinder head which 
includes bores corresponding to the bores in the cylinder 
block. The cylinder head includes a suction port in fluid 
communication with a Source of compressible gas and a 
plurality of Suction plenum in the cylinder head. Protrusions 
or ribs extend into the suction plenum. The cylinder head 
also includes a discharge plenum in communication with the 
outlet ports of the valve plate. As is well known, the 
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discharge plenum of the compressor is in fluid communica 
tion through an outlet port with the remaining equipment in 
the air conditioning or heat pump System, Such as the 
condenser. Interposed between the cylinder head and the 
cylinder block is a valve plate assembly. 
0006 The valve plate assembly of the present invention 
comprises a cylinder head gasket, a discharge valve retainer, 
a discharge valve, a valve plate and a Suction valve. 
0007. The cylinder head gasket of the present invention is 
a flat piece of metal, having a plurality of penetrations 
corresponding to penetrations in the cylinder head, one face 
of the gasket contacting a face of the cylinder head. The 
other face of the gasket contacts the valve plate. The gasket 
provides a Seal for the Suction and discharge plenums of the 
cylinder head during compressor operation. 

0008 Attached to the cylinder head gasket is the dis 
charge valve retainer. The discharge valve retainer is a Single 
piece that includes a plurality of ports corresponding to the 
number of bores in the cylinder head. The discharge valve 
retainer is positioned along its Outer periphery adjacent to 
the cylinder head gasket. The discharge valve retainer is a 
Single piece backer for the discharge valve. 
0009. The discharge valve is a single piece of spring steel 
having a plurality of ports corresponding to the number of 
bores in the cylinder head and positioned between the valve 
plate and the discharge valve retainer Such that the Spring 
Steel can cover the discharge penetrations in the valve plate. 
The discharge valve retainer limits the movement of the 
discharge valve away from the valve plate. The discharge 
Valve is positioned along its outer periphery between the 
Valve plate and the discharge valve retainer. 
0010. The valve plate is shaped to correspond substan 
tially to the shape of the cylinder head and block. The valve 
plate includes two opposed major Surfaces joined by a 
periphery wall. A first major Surface faces the cylinder head, 
while the Second, opposed Surface faces the cylinder block. 
The valve plate includes a plurality of penetrations. The 
Valve plate is a single piece of increased size compared to 
many prior art Valve plate designs. Some of the penetrations 
in the valve plate are sealed by the discharge valve (when the 
compressor is operating in the Suction mode), while other 
penetrations in the valve plate are Sealed by the Suction valve 
(when the compressor is operating in the compression 
mode). Some of the remaining penetrations are non-func 
tional except to decrease StiffneSS and assist in controlling 
the flatness of the plate during machining. Pressed into the 
Valve plate includes a plurality of pins projecting from the 
major Surfaces. The pins are not readily removable, being 
fixed into position by press fitting or otherwise interference 
fitting. A pair of pins projects from the first major Surface in 
the direction of the cylinder head. The pins position the 
discharge valve and discharge valve retainer, passing 
through their outer periphery. The pins extend into penetra 
tions in the cylinder head gasket, thereby locating these parts 
in relation to each other. A Second pair of pins projects from 
the Second major Surface in the direction of the cylinder 
block. A pair of pins projecting from the Second major 
Surface are associated with each bore in the cylinder block. 
For a design with two bores, there are four pins. 
0011 A plurality of suction valves are located between 
each Set of these pins on the Second major Surface between 
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the valve plate and the cylinder block, each suction valve 
associated with a bore in the cylinder head. Each suction 
Valve is a Single piece of Spring Steel having a plurality of 
apertures. Each Suction valve is positioned by one of the pair 
of pins projecting from the second major surface. The total 
area of the apertures has been increased in order to provide 
additional flow area for suction gas through the valve. The 
Suction Valve Seals openings in the valve plate when the 
compressor is in the compression mode. 

0012. An advantage of the present invention is that the 
Valve plate assembly of the present invention provides a 
Valve design that increases overall compressor efficiency 
while maintaining compressor reliability. The valve design 
is simpler than prior art designs and can be produced at a 
lower cost. The compressor Energy Efficiency Ratio (EER) 
measured at ARI (45/100) and ARI (45/130) for a current 
compressor is 10.9 EER and 17.5 EER respectively, while 
for a compressor incorporating the valve plate assembly of 
the present invention, the EER at ARI (45/100) is 11.5 EER 
and ARI (45/130) is 19.1 EER. The increased mechanical 
efficiency allows compressor performance goals to be met 
while utilizing a cheaper, lower efficiency motor than would 
otherwise be required 
0013 Another advantage of the present invention is that 
the arrangement and orientation of the parts provides a more 
reliable discharge valve. 
0.014. Yet another advantage of the present invention is 
that a more direct Suction gas path into the cylinder head 
along with increased Suction port area provides increased 
compressor efficiency while reducing Suction flow losses 
and Superheat. 

0015) Other features and advantages of the present inven 
tion will be apparent from the following more detailed 
description of the preferred embodiment, taken in conjunc 
tion with the accompanying drawings which illustrate, by 
Way of example, the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0016 FIG. 1 is a partial cross-sectional view of a two 
piston reciprocating compressor. 

0017 FIG. 2 is a cross-sectional view of the valve plate 
assembly and cylinder head of the present invention. 

0018 FIG. 3 is an exploded view of the valve plate 
assembly of the present invention. 
0019 FIG. 4 is a perspective view of the cylinder head 
of the present invention. 

0020 FIG. 5 is top view of a cylinder head gasket of the 
present invention. 

0021 FIG. 6 is a top view of the valve plate of the 
present invention. 

0022 FIG. 7 is a top view of the discharge valve of the 
present invention. 

0023 FIG. 8 is a side view of a discharge valve retainer 
of the present invention. 

0024 FIG. 9 is a top view of a suction valve of the 
present invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

0025) The description of the valve plate assembly and 
cylinder head and its operation will be given by reference to 
the accompanying illustrations and drawings provided as 
FIGS. 1-9. The valve plate assembly and cylinder head of 
the present invention when utilized in a reciprocating com 
pressor allow the compressor to operate at Seasonal Energy 
Efficiency Ratios (SEER) of 12 and greater. FIG. 1 is a 
partial cross-section of a reciprocating compressor 10. The 
compressor 10 of FIG. 1 discloses a dual piston compressor. 
However, the current invention can be used in multi-piston 
reciprocating compressors operating with multiple pistons, 
its use not be limited to the dual piston compressor shown 
in FIG. 1. Each piston 12 is connected to a crankshaft 14 
which is caused to turn by any conventional power source 
(not shown). Operation of crankshaft 14 causes each piston 
12 to reciprocate in a respective bore 16 located in cylinder 
block 18. A cylinder head 20 of the present invention 
overlies cylinder block 18. The valve plate assembly 50 of 
the present invention is positioned between cylinder block 
18 and cylinder head 20. 
0026 Referring now to FIG.2, which is a cross-sectional 
view of the valve plate assembly and cylinder head 20 of the 
present invention, in which cylinder head 20 includes a pair 
of bores 22 corresponding to bores 16 in cylinder block 18. 
Bores 22 include a plurality of ribs 24 disposed around the 
interior of bores 22. Valve plate assembly 50 is disposed 
between cylinder head 20 and cylinder block 18. Valve plate 
assembly includes a cylinder head gasket 60 and a valve 
plate 80 disposed between cylinder head 20 and cylinder 
block 18, cylinder head gasket being positioned between 
cylinder head 20 and valve plate 80. Discharge valve 
retainer 100 is positioned adjacent to cylinder head gasket 
60 by indexing means. Discharge valve retainer 100 lies 
completely within a perimeter 62 of cylinder head gasket 60. 
The indexing means are shown as pins 52 in the preferred 
embodiment contacting retainer 100 at opposite ends. These 
pins 52 extend upward from valve plate 80 toward cylinder 
head 20 and are not limited to pins, as any mechanical means 
to position parts in relationship to valve plate 80 may be 
utilized. In a preferred embodiment, pins 52 are press fit into 
a pair of apertures in the valve plate 80. These pins 52 may 
be assembled into valve plate 80 by any convenient means, 
Such as for example by shrink fit or even by tack welding. 
The pins may also be machined as an integral part of valve 
plate 80, although Such integral pins are expensive. Located 
between discharge valve retainer 100 and valve plate 80 is 
discharge valve 120. Discharge valve 120 is positioned by 
indexing means, pins 52, contacting valve 120 at opposite 
ends of valve 120. 

0027 FIG. 3 is an exploded view of the valve plate 
assembly 50 and cylinder head 20 of the present invention, 
which more clearly indicates the arrangement of the various 
elements of the invention. Cylinder head gasket 60 is 
disposed between cylinder head 20 and valve plate 80. 
Cylinder head includes a pair of bores 22 corresponding to 
bores in cylinder block. AS can be seen, a plurality of coaxial 
apertures 26 extend through perimeters of each of cylinder 
head 20, cylinder head gasket 60 and valve plate 80. Similar 
apertures extend through cylinder block (not shown). These 
apertures 26 accept a fastening means (not shown), such as 
a bolt and a nut, which allow the elements to be sealingly 
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assembled to each other to prevent fluid leakage at their 
interfaces. Discharge valve retainer 100 lies within perim 
eter 62 of cylinder head gasket 60. Between valve plate 80 
and discharge valve retainer 100 is discharge valve 120. Also 
depicted is one of a pair of pins 52 which are assembled to 
valve plate 80 as previously discussed. These pins extend 
through locating means in discharge valve 120 and discharge 
valve retainer 120. These locating means in the preferred 
embodiment include apertures or slots 102,122 as shown in 
the preferred embodiment of FIG. 3, located at opposite 
ends of valve 120 and valve retainer 100 sized to accept pins 
52. However, these locating means may be any convenient 
means of locating the valve 120 and valve retainer 100 in 
relation to the valve plate 80. The pins are captured in 
cylinder head gasket 60. While any means may be used to 
capture the pins, in the preferred embodiment, the pins 52 
are captured by an interference fit with slots 64 in cylinder 
head gasket. Once assembled and captured in Slots 64, 
cylinder head gasket 60, discharge valve retainer 100, dis 
charge valve 120 and valve plate 80 conveniently can be 
handled as an assembly. Valve plate 80 also includes a 
plurality of locating means, pins 54 in the preferred embodi 
ment preSS fit into apertures in the valve plate as discussed 
above, extending from the side of valve plate 80 opposite 
from cylinder head 20. These pins 54 extend toward cylinder 
block (not shown) and position suction valve 140 in relation 
to valve plate 80. As shown in the preferred embodiment, 
there is a Suction valve 140 corresponding to each bore 16 
in cylinder block 18. In the embodiment shown, there are 
two Suction valves. However, a Single Suction valve com 
bining the features of two or more individual Suction valves 
and that correspond to each bore in cylinder block 18 are 
within the scope of this invention. The pins are located by 
locating means, Such as slots or apertures in Suction valves, 
Similar to the locating means in discharge valve discussed 
above. 

0028 Cylinder head 20 is shown in FIG. 4. A cylinder 
head includes a plurality of bores. In the preferred embodi 
ment of a two-piston compressor, there are two bores 22 in 
cylinder head 20. AS is well-known, each bore is in fluid 
communication with a Suction plenum 28, which is in fluid 
communication with a Source for a refrigerant fluid, typi 
cally from an evaporator (not shown). This low pressure 
fluid is drawn from the refrigerant fluid Source, through the 
Suction plenum 28, into cylinder head bore 22 and into the 
corresponding bore 16 of the cylinder block 18 on the 
downstroke or suction stroke of piston 12. Each bore 22 of 
cylinder head 20 includes a plurality of ribs 24, three in the 
preferred embodiment shown in FIG. 4, extending radially 
inward into bore 24 from bore wall 30. Each bore 24 also 
includes a circumferential Surface 30 coaxial with wall 32 of 
bore 22, but having a larger diameter with bore wall 32. 
Circumferential Surface 30 sits below the top surface of 
bores 22 and flange face 34 of cylinder bore 32. Circum 
ferential surface 30 optionally includes a pair of outwardly 
extending radial ribs 36. These outer ribs 36 control retainer 
lift. Cylinder head 20 also includes a high pressure discharge 
region 38 in fluid communication with a discharge port 31 
to deliver high pressure refrigerant gas to a component in a 
heating and air conditioning System Such as a condenser. 
0029). Cylinder head gasket 60 is shown in FIG. 5. 
Cylinder head gasket 60 includes a perimeter 62 having a 
first surface 66 and an opposed second surface 68. First 
surface 66 contacts flange face 34 of cylinder head 20. 
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Second opposed Surface 68 contacts Surface of valve plate 
80. Gasket 60 includes a plurality of apertures 26 corre 
sponding to apertures 26 in cylinder head 20 and valve plate 
80. Gasket 60 also includes a ring 70 corresponding to each 
bore 22 in cylinder head 20, each ring 70 mating with the top 
of bore walls 32 and ribs 24 of cylinder head 20. In the 
preferred embodiment, there are two bores in cylinder head 
20, so that there are two rings 70 as shown in FIG. 5. Rings 
70 are connected to perimeter 62 by strips 72 and optionally 
to each other by central strip 74. Each of strips 72 includes 
a slot 64 to position gasket 60 in relation to valve plate as 
previously discussed. Preferably, slots 64 are arcuately 
shaped, resembling a Star pattern, being slightly Smaller than 
a means for locating, locating pin, extending from the valve 
plate, So that the retainer can be Snap fit into position onto 
valve plate, as will be discussed below. Strips 72 and 74 lie 
outside the plane of rings 70 and perimeter 62, thereby 
providing gasket 60 with a stepped appearance in which the 
strips 72, 74 have a region 76 that is raised (when viewed 
from the cylinder head 20 toward the valve plate 80) above 
the plane of the gasket perimeter. Opposed ends of discharge 
valve retainer 100 and discharge valve 120 are positioned in 
this raised region 76. Gasket 60 preferably is a metallic 
material, most preferably a thin, Stamped Steel having a 
thickness of about a few thousandths of an inch. The exact 
thickness is not an important or limiting feature of the 
gasket. 

0030 FIG. 6 is a top view of valve plate 80. Valve plate 
80 includes a plurality of apertures 26 corresponding to 
apertures 26 in cylinder head 20 and cylinder head gasket 
60, the apertures being coaxial with one another when valve 
plate 80, cylinder head gasket 60 and cylinder head are 
assembled together. Valve plate includes a Series of Suction 
slots 82 and discharge slots 84 associated with each piston/ 
bore combination. In the preferred embodiment, there are 
two piston/bore combinations hence there are two Sets 
Suction slots 82,82' and two sets of discharge slots 84, 84, 
one set of each asSociated with each piston?bore combina 
tion. Valve plate includes a first flat major surface 86 facing 
cylinder head 20 and a second flat major surface 88 opposed 
to first flat major surface 86 facing the cylinder block. 
Surfaces 86, 88 are joined by a periphery wall 90. First flat 
major Surface 86 includes two pins 52 projecting away from 
surface 86. Pins 52 engage slots 64 in cylinder head gasket 
60. preferably by a Snap fit arrangement. These pins are also 
used to position the discharge valve 120 and discharge valve 
retainer 100, thereby eliminating the need for rivets as is 
used in prior art designs. Discharge valve 120 and discharge 
valve retainer 100 are not permanently affixed in position by 
fastening means Such as rivets. Second flat major Surface 88 
includes a pair of pins 54 associated with each piston/bore 
combination projecting away from Surface 88 in the direc 
tion of cylinder block. In FIG. 6 therefore, there are four 
pins 54. Pins 54 are used to position suction valve 140, one 
Suction valve associated with each piston?bore combination. 
Pins 52, 54 are assembled to valve plate 80 as previously 
discussed. Valve plate also includes nonfunctional holes 92 
and nonfunctional slots 94. Because valve plate 80 is larger 
than prior art designs, holes 92 and slots 94 are added to 
decrease the stiffness of valve plate 80 and assist in main 
taining flatness tolerances on the valve plate. Machining of 
flat plate typically produces Springback, which is related to 
plate StiffneSS and adversely affects flatneSS. However, these 
tolerances must be maintained in order to provide proper 
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Sealing of the Suction valve and discharge valve against the 
Valve plate to prevent leakage of gas acroSS these interfaces 
during operation of the compressor. These holes 92 and slots 
94 also increase the volume of the discharge plenum. Valve 
plate 80 preferably is a metallic plate material. 
0031 FIG. 7 depicts the discharge valve 120 of the 
present invention. Discharge valve 120 is a single piece of 
thin Spring Steel that preferably is Stamped. Valve includes a 
ring 124 of material associated with each piston?bore com 
bination. In the embodiment shown, there are therefore two 
rings 124 of material. These rings 124 are joined by a 
material Strip 126 at a central location, the rings forming a 
pair of bores 128. Valve 120 is positioned in contact with 
first flat major surface 86 of valve plate 80 by pins 52. Rings 
124 are of Sufficient width to completely cover discharge 
slots 84 of valve plate 120 when rings 124 are in contact with 
valve plate 80, but not so wide as to cover any other slots or 
holes in valve plate 80. During the Suction stroke of a piston, 
the corresponding discharge valve ring 124 is in contact with 
Valve plate 80, thereby preventing leakage of gas from high 
pressure discharge region 138 of cylinder head 20. During 
the compression Stroke, the increased pressure of the gas 
pushes discharge valve ring away from valve plate at 84,84'. 
For a discharge valve used in a dual piston arrangement, 
such as is shown in FIG. 7, one ring 124 is sufficiently stiff 
so that it remains in contact with valve plate 80 even as the 
adjacent ring is flexed away from valve plate 80 by dis 
charge gas pressure. The discharge slots 84, 84 in valve 
plate 80 are arranged in an arc extending about 45 and 
positioned So that the center of the arc is about at right angles 
to the center of material Strip 126, the center of material Strip 
126 defined approximately by the midpoint of a line extend 
ing between slots 122, So that maximum flexing of ringS 148 
will occur along the portion of rings 124 adjacent to the arc 
defining discharge slots 84 and away from material Strip 126 
and slots 122. This is also desirable so that discharge valve 
Slots 122 can be captured by dowel pins and movement of 
discharge valve 120 in the vicinity of slots 122 is minimized 
or eliminated. 

0.032 FIG. 8 is a side view of a discharge valve retainer 
100 of the present invention. Retainer 100 is substantially 
the same shape as discharge Valve 120, except that it 
includes a permanently formed radius in the material. The 
material preferably is a piece of Stamped Steel, but is 
Sufficiently rigid So as to maintain its formed shape and not 
deflect when Subjected to the alternating pressures of fluids 
in the cylinder head. It includes a pair of slots 102 that allow 
retainer 100 to be captured by dowel pins. Retainer 100 
includes a ring 104 of material associated with each piston/ 
bore combination. In the embodiment shown, there are 
therefore two rings 104 of material. These rings 104 are 
joined by a material Strip 106 at a central location, the rings 
forming a pair of bores 108. Radii are formed in rings 104 
of retainer 100. When retainer 100 is assembled to pins 52, 
the radii extend over the arc formed by discharge slots 84 in 
valve plate 80, the radius smoothly transitioning to about 
Zero at slots 102 and to smaller radius at material strip 106. 
Preferably, the discharge valve retainer 100 of the present 
invention includes two bend radii. 

0033. When assembled over discharge valve 120, the 
discharge valve retainer 100 is positioned with respect to 
valve plate 80 so that radii 110 face away from valve plate 
80, causing a gap between discharge valve 120 and dis 
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charge valve retainer 100 when discharge valve is in the 
closed position, that is, in contact with valve plate 80. When 
Viewing the assembly from the discharge valve Side of valve 
plate 80, discharge valve retainer has a concave shape. When 
discharge pressure builds to force discharge valve 120 open, 
deflecting rings 124 away from valve plate 80, valve retainer 
100 limits the movement or lift of discharge valve 120. 
Valve retainer contacts outwardly extending radial ribs 36 of 
the cylinder head at the maximum radius of the retainer, 
maintaining the retainer in compression. The amount of 
compression is controlled by the distance of the ribs below 
flange face 34. Rings 124 move outwardly and contact rings 
104 along radii 110. Radii can be varied as desired to reduce 
or increase the amount of deflection of rings 124 of the 
discharge valve. The size of the radius is determined by the 
amount discharge valve 120 is designed to lift. A small 
capacity compressor will utilize a Smaller discharge valve 
120 and corresponding discharge valve retainer 100, 
whereas a larger compressor will utilize a larger discharge 
valve 120 and a larger retainer, which will have a corre 
spondingly larger radii. For a given compressor capacity, 
Smaller radii results in greater Stresses in the discharge valve 
retainer 100 and discharge valve. However, the smaller radii 
can produce greater compressor efficiency. Larger radii 
result in less efficiency, but lower stresses. The size of the 
radii is critical to the efficiency of a compressor design. The 
compressor depicted in FIGS. 1-9 has a 2.5-3.5 ton capacity. 
Acceptable radii for discharge valve retainers 100 for such 
a compressor is about 1"-2", with preferred radii of about 
1%". The discharge valve retainer controls the bend points of 
the discharge valve, hence the pair of radii in the discharge 
Valve retainer is critical to controlling the bend points in the 
discharge valve, which in turn affects the Stresses and live of 
the discharge valve. Having this knowledge, one skilled in 
the art can determine the proper radii as the design capacity 
of a compressor is varied. The gap between discharge valve 
120 (in the closed position) and discharge valve retainer 120 
increases with decreasing radius. A discharge valve retainer 
approaches a flat configuration, the radius approaches infin 
ity. A larger radius exists at material Strip 106, but this radius 
can be reduced to Zero if desired. The radius reduces the 
residual Stresses in this area. However, the radius must be 
controlled to limit the deflection of material strip 126 in 
discharge valve 120. The opening of one of rings 124 should 
not cause the other ring to move away from valve plate, and 
material strip 106 must maintain strip 126 in contact with 
Valve plate 80, as there are no other permanent mechanical 
means in this design, Such as rivets, to accomplish this 
function. 

0034 FIG. 9 depicts suction valve 140 of the present 
invention. There is one Suction valve for each piston?bore 
combination. Each Suction valve is a flexible material that 
can maintain its shape. Preferably, Suction valves are 
Stamped of a Suitable Spring Steel of Sufficient thickness to 
withstand multiple cycles in a compressor. In the embodi 
ment shown in the Figures, there are two Suction valves. 
Each suction valve 140 includes a pair of slots 142 that fit 
up with pins 54 to locate suction valves 140 on second flat 
major surface 88 of valve plate 80. Suction valves 140 
include an inner concentric ring of material 144 and an outer 
concentric ring of material 146 that contact Second flat major 
surface 88 and overlie valve plate suction slots 82 when in 
the closed position in which discharge pressure is pushing 
Suction valve 140 against Valve plate Second flat major 
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surface 88. In the Suction stroke of the piston, the suction 
Valve is opened by moving concentric ringS 144, 146 away 
from second major surface 88 to allow low pressure refrig 
erant gas to flow from the low pressure Source, typically the 
evaporator into the corresponding bore of cylinder block. 
Suction valve 140 also includes a central slot 148 within 
inner concentric ring 144 and slots 150. Slots 148, 150 
increase flow area for gas flowing around valve 140 when in 
the open position. These slots also decrease the Stiffness of 
the Suction valve, which improves its responsiveness. 
0035) Several of the components in the combination of 
the present invention include improvements. When each of 
the components is assembled to form the combination, the 
Valve assembly and cylinder head combination result in 
improved compressor efficiency. These improved features 
on individual elements of the invention include the addition 
of suction valve slots 148, 150 which improve gas flow 
through suction valve 140 while decreasing stiffness of 
Suction valve, the addition of valve plate holes 92 and slots 
94 to valve plate 80 which reduces the weight while improv 
ing the manufacturability of the valve plate, making it easier 
to maintain tolerances Such as flatness of the critical flat 
major surfaces 86, 88, the orientation of discharge slots 84, 
84 which allows for the use of a single piece discharge valve 
retainer 100, a cylinder head gasket design 60 that is stepped 
with teeth, to provide a Snap fit arrangement that captures the 
discharge valve 120 and discharge valve retainer 100 with 
out the use of permanent or Semi-permanent fastenerS Such 
as rivets and a cylinder head 20, while also providing 
additional Support for the valve plate in the region of Suction 
slots (ports) 82, 82, thereby allowing for increased suction 
port area in the valve plate, as discussed previously. 
0.036 The design of the assembly positions discharge 
slots 84, 84 in valve plate 80 in a position such that opening 
of discharge valve 120 against a retainer allows retainer 100 
to be a Single part with two bend radii extending the length 
of the part, the length extending between slots 102. The 
location of the arcs which can Subtend an angle of from 
about 15° to about 75, preferably about 55, forming 
discharge slots 84 Substantially parallel to a centerline of the 
discharge valve, the centerline defined by a line passing 
through slots 122, allows discharge valve retainer 100 to be 
a single part having two bend radii 110, one on either side 
of the centerline. Increased capacity ca be achieved by 
increasing the area of the discharge slots, as may be required 
in larger capacity compressors. The configuration of dis 
charge slots 84 would thus resemble slots 82, extending 
Substantially 360 but having intermittent Support segments. 
The configuration of discharge slots, while critical to 
achieve the improvements Set forth herein, may take any one 
of a number of various forms that increase the available area 
through which the compressed refrigerant can pass. The 
configuration of the retainer 100, including importantly radii 
110, is critical to both the amount of opening and the stress 
that discharge valve 120 is subjected to. As one skilled in the 
art will recognized, controlling this repetitive cyclic StreSS is 
critical to the life and reliability of valve 100. Due to the 
reduction in the number of radii in the retainer in the present 
design, discharge valve retainer 100 is significantly leSS 
complex to produce, allowing for a cheaper yet more accu 
rate retainer. The accuracy of retainer 100 is critical to the 
reliability of discharge valve 120 over the life of the com 
pressor. Discharge valve 120 is assembled immediately 
adjacent to first flat major surface 86 of valve plate 80. 
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Discharge valve retainer 100 is assembled adjacent to dis 
charge valve 120 as previously discussed. Slots 102, 122 of 
discharge valve retainer 100 and discharge valve 120 engage 
pins 52 projecting from first flat major surface 86 of valve 
plate 80. The discharge valve retainer 100 and discharge 
Valve 120 are each Single pieces of Stamped material that are 
located by pins 52, but are not permanently fastened to each 
other or to valve plate 80. Slots 64 of cylinder head gasket 
60 are assembled over slots 102 of discharge valve retainer, 
slots 64 having a plurality of teeth 65, see FIG. 5, to allow 
for a snap fit over pins 52. Portions of discharge valve 
retainer 100 and discharge valve 120 adjacent to their 
respective slots 102, 122 are captured in Stepped portion of 
gasket 60 formed by raised region 76 under strips 72, while 
material strips 106, 126 of discharge valve retainer 100 and 
discharge valve 120 are captured under central strip 74 of 
gasket 60. When this combination is assembled to cylinder 
head, the radii 110 of discharge valve retainer contact 
circumferential Surfaces 30, preventing any movement of 
these radii away from valve plate 80. Perimeter of gasket 62 
contacts cylinder head. RibS 24 extending into the Suction 
plenum or bores 22 of cylinder head provide increased 
Suction port area in the valve plate while providing addi 
tional Support for the valve plate, thereby lowering the 
stresses experienced by the valve plate. Suction valves 140 
are assembled to second flat major surface 88 of valve plate 
80 and the assembly is assembled through apertures 26 to 
cylinder block 18 using mechanical fastening means Such as 
a threaded bolt arrangement. 

0037. In the dual piston/bore combination shown in the 
Figures, one piston is operating in a compression Stroke 
while the other piston is in the Suction Stroke. Ideally, these 
pistons are operating 180 out of phase. The description of 
the operation is identical for the two pistons, it being 
understood that while one piston is operating in compres 
Sion, the other is operating in Suction. During the Suction 
cycle, as piston 12 moves downward in a bore 16 in cylinder 
block 18, suction valve 140 is moved away from valve plate 
80 as previously described allowing low pressure refrigerant 
gas to be drawn into bore 16 from evaporator (or other 
reservoir of refrigerant) through bore 22 and across Suction 
port 18, discharge valve 120 being closed by pressure in high 
preSSure discharge region 38 and by the Suction action of 
piston 12. This process is enhanced due to the additional 
flow area for gas through the valve provided by slots 148, 
150 in suction valve 140, as compared to prior art suction 
Valves in which gas flows only around the Suction valve. 
After the piston reaches the bottom of bore 12 and begins to 
move upward, low pressure refrigerant gas in bore 16 is 
compressed and Suction valve is forced closed. AS the 
upward movement of the piston continues, pressure builds 
until the pressure in the bore is greater than the pressure in 
discharge region 38 and the force required to overcome the 
Spring constant in discharge valve 140 is exceeded, thereby 
forcing discharge valve open. Even though the discharge 
Valve is a Single piece, only one ring 124 is forced open. 
Furthermore, the movement of this ring 124 is limited by 
radii 110 in discharge valve retainer 100 immediately adja 
cent to it. The radii 110 in ring 104, although rigid, are 
further prevented from moving because they contact cir 
cumferential surface 30 in cylinder head. Discharge valve 
120 remains open and compressed gas passes acroSS dis 
charge valve 120 into high preSSure discharge region 38, 
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through discharge port 31 in cylinder head until piston 18 
reaches the top of its Stroke and reverses direction, thereby 
ending a cycle. 
0038. The valve plate assembly 50 and cylinder head 20 
are assembled to the compressor 10 in the following manner. 
The crankshaft 14, the pistons 12, and the connecting rods 
are assembled to the crankcase (cylinder block) 18, with the 
Surface of the crankcase or cylinder block that mates with 
the valve plate facing upward. A valve plate gasket, typically 
a fiber gasket material, is placed on the upward facing 
surface of the cylinder block. The Suction valves 140 are 
placed on the valve plate 80 so that the slots 142 are aligned 
with pins 54 extending from second major surface 88 of 
Valve plate, using a drop of oil to temporarily adhere them 
to valve plate 80. The second major surface 88 of the valve 
plate 80 is placed in contact with the valve plate gasket. The 
discharge valve 120 is aligned with pins 52 extending from 
first major surface 86 of valve plate. The discharge valve 
retainer 100 is placed over discharge valve 120 and aligned 
with pins 52. The cylinder head gasket 60 is placed over 
discharge valve retainer 100, aligned with pins 52 and snap 
fit or press fit into position on the pins. The cylinder head 20 
is then placed over the cylinder head gasket 60, and the 
assembly is bolted together by bolts extending through 
apertures 26. 

0039 While the invention has been described with ref 
erence to a preferred embodiment, it will be understood by 
those skilled in the art that various changes may be made and 
equivalents may be substituted for elements thereof without 
departing from the Scope of the invention. In addition, many 
modifications may be made to adapt a particular situation or 
material to the teachings of the invention without departing 
from the essential Scope thereof. Therefore, it is intended 
that the invention not be limited to the particular embodi 
ment disclosed as the best mode contemplated for carrying 
out this invention, but that the invention will include all 
embodiments falling within the Scope of the appended 
claims. 

What is claimed is: 
1. A cylinder head in combination with a valve plate 

assembly: comprising 

a cylinder head having a flange face, a Suction port in fluid 
communication with a Source of a compressible gas, a 
Suction plenum in fluid communication with the Suc 
tion port, a plurality of cylinder head bores in fluid 
communication with the Suction plenum, the bores 
having a top Surface Substantially coplanar with the 
flange face, a discharge plenum, a discharge port in 
fluid communication with the discharge plenum, the 
cylinder head characterized by a plurality of ribs 
extending into each bore, and a circumferential Surface 
adjacent to bore, the circumferential Surface being 
within the discharge plenum below the plane formed by 
the flange face; and 

a valve plate assembly having a perimeter corresponding 
Substantially to a perimeter of the cylinder head, the 
Valve plate assembly further comprising 
a valve plate, the valve plate having a first major 

Surface and a Second major Surface, the valve plate 
including a plurality of penetrations for decreasing 
plate thickness, a plurality of Suction penetrations 
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asSociated with each cylinder head bore and a plu 
rality of discharge penetrations associated with the 
discharge plenum and each cylinder head bore, each 
penetration extending through a thickness of the 
Valve plate; 

a flexible, deflectable Single piece discharge valve 
having a pair of oppositely oriented slots, a plurality 
of rings forming ports, each port corresponding to a 
bore in the cylinder head, the rings joined by a 
material Strip, each ring adjacent to and correspond 
ing to at least the discharge penetrations in the valve 
plate associated with each bore when the discharge 
Valve is assembled adjacent to the valve plate; 

a Substantially rigid, Single piece discharge valve 
retainer having a pair of oppositely oriented slots and 
a centerline extending between the slots, a plurality 
of rings forming ports, each ring and port corre 
sponding to a ring and port in the discharge valve, 
each ring having a radius that reaches a maximum at 
about the maximum ring distance from the center 
line, the retainer limiting the deflection of the dis 
charge valve during a compression cycle when the 
discharge valve retainer is assembled adjacent the 
discharge valve; 

a cylinder head gasket including a pair of oppositely 
oriented slots, a first face for contacting the flange 
face of the cylinder head and a Second opposed face 
for contacting the first major Surface of the valve 
plate; 

a first Set of locating means extending from the first 
major Surface of the valve plate through the oppo 
Sitely oriented slots in the cylinder head gasket, the 
discharge valve retainer, the discharge valve and into 
the valve plate to locate the cylinder head gasket, the 
discharge valve plate, the discharge valve and valve 
plate in relation to each other; 

a plurality of Suction valves, one Suction valve associ 
ated with each cylinder head bore and having a pair 
of oppositely oriented Slots, 

a Second Set of locating means extending from the 
Second major Surface of the valve plate to position 
each Suction valve in relation to and adjacent the 
Valve plate; 

wherein when the valve plate assembly is assembled to 
the cylinder head, the cylinder head gasket is adjacent 
the flange face of the cylinder head and between the 
cylinder head and the valve plate, and the radii of the 
rings of the discharge valve retainer are below the plane 
formed by the flange face of the cylinder head and 
adjacent the circumferential Surface in the cylinder 
head. 

2. The discharge valve of claim 2 wherein the discharge 
Valve comprises a Spring Steel formed into a plurality of 
rings, each ring forming a port, the plurality of rings 
corresponding to the number of bores in the cylinder head. 

3. The discharge valve of claim 2 wherein adjacent rings 
of the plurality of rings are joined by a Strip of material. 

4. The discharge valve of claim 2 wherein each ring is in 
contact with the valve plate during a Suction Stroke of a 
corresponding piston, each ring overlying and covering the 
discharge penetrations in the valve plate. 
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5. The discharge valve of claim 2 wherein the valve is 
Stamped Spring Steel. 

6. The plurality of Suction valves of claim 1 wherein each 
Suction valve comprises a flexible material. 

7. The Suction valve of claim 6 wherein the flexible 
material is a Spring Steel. 

8. The Suction valve of claim 6 wherein each Suction valve 
of the plurality of Suction valves further includes a first inner 
ring of concentric material, the first inner ring of material 
including a central slot, and a Second outer ring of concentric 
material, at least one intermediate slot Separating the first 
inner ring and the Second outer ring of concentric material. 

9. The Suction valve of claim 8 wherein each ring of 
concentric material is in contact with the valve plate during 
a compression Stroke of a corresponding piston, each ring of 
concentric material overlying and covering the Suction pen 
etrations in the valve plate. 

10. The valve plate of claim 1 further comprising a 
plurality of apertures extending through the plate from a first 
flat Surface to an opposed Second flat Surface, each aperture 
corresponding to and coaxial with apertures in the cylinder 
head and cylinder head gasket, a Series of Suction penetra 
tions corresponding to each bore in the cylinder head, a 
Series of discharge penetrations corresponding to each bore 
in the cylinder head, the valve plate further including a 
plurality of pins extending from its first major Surface 
toward the cylinder head to locate the discharge valve, and 
a plurality of pins extending from its Second major Surface 
to locate the Suction valves. 

11. The valve plate of claim 10 wherein the plurality of 
pins extending from the first major Surface toward the 
cylinder head and the plurality of pins extending from the 
Second major Surface toward the cylinder head are press fit 
into the valve plate. 

12. The valve plate of claim 1 wherein the first set of 
locating means includes a plurality of pins. 

13. The valve plate of claim 12 wherein the plurality of 
pins includes two pins. 

14. The valve plate of claim 1 wherein the second set of 
locating means includes a plurality of pins. 

15. The valve plate of claim 14 wherein the plurality of 
pins includes two pins for each Suction valve in the assem 
bly. 

16. The valve plate of claim 1 wherein each of the 
plurality of discharge penetrations form an arc that Subtends 
an angle of between about 15 to about 75. 

17. The valve plate of claim 16 wherein the plurality of 
discharge penetrations include two penetrations that Subtend 
an arc of about 55. 

18. The cylinder head of claim 1 further including at least 
two radial ribs extending outwardly from each of the plu 
rality of cylinder head bores to Support the discharge valve 
retainer. 

19. The cylinder head of claim 18 wherein the at least two 
radial ribs are configured to maintain the assembled dis 
charge Valve retainer in compression. 

20. A reciprocating compressor comprising: 
a cylinder block having a plurality of cylinder bores, 
a piston positioned in each bore; 
a crankshaft mounted to each piston to cause each piston 

to reciprocate in each bore; 
means to rotate the crankshaft; 
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a cylinder head having a flange face, a Suction port in fluid 
communication with a Source of a compressible gas, a 
plurality of Suction plenum in fluid communication 
with the Suction port, each of the plurality of Suction 
plenum having a top Surface coplanar with the flange 
face, a discharge plenum, a discharge port in fluid 
communication with the discharge plenum, the cylinder 
head characterized by a plurality of ribs extending into 
each Suction plenum, and a circumferential Surface 
adjacent to Suction plenum, the circumferential Surface 
being within the discharge plenum below the plane 
formed by the flange face; and 

a valve plate assembly having a perimeter corresponding 
Substantially to a perimeter of the cylinder head and 
cylinder block, the valve plate assembly positioned 
between the cylinder head and the cylinder head block, 
the valve plate assembly further comprising 
a valve plate, the valve plate having a first major 

Surface and a Second major Surface, the valve plate 
including a plurality of penetrations for decreasing 
plate thickness, a plurality of Suction penetrations 
asSociated with each Suction plenum and a plurality 
of discharge penetrations associated with each dis 
charge plenum, each penetration extending through a 
thickness of the valve plate; 

a flexible, deflectable Single piece discharge valve 
having a pair of oppositely oriented slots, a plurality 
of rings forming ports, each port corresponding to a 
Suction plenum in the cylinder head, the rings joined 
by a material Strip, each ring corresponding to at 
least the discharge penetrations in the valve plate 
asSociated with a Suction plenum when the discharge 
Valve is assembled adjacent to the valve plate; 

a Substantially rigid, Single piece discharge valve 
retainer having a pair of oppositely oriented slots and 
a centerline extending between the slots, a plurality 
of rings forming ports, each ring and port corre 
sponding to a ring and port in the discharge valve, 
each ring having a radius that reaches a maximum at 
the maximum ring distance from the centerline, the 
retainer limiting the deflection of the discharge valve 
when the discharge valve retainer is assembled adja 
cent the discharge valve; 

a cylinder head gasket including a pair of oppositely 
oriented slots, a first face for contacting the flange 
face of the cylinder head and a Second opposed face 
for contacting the first major Surface of the valve 
plate; 

a first Set of locating means extending through oppo 
Sitely oriented slots in the cylinder head gasket, the 
discharge valve retainer, the discharge valve and into 
the valve plate to locate the cylinder head gasket, the 
discharge valve plate, the discharge valve and valve 
plate in relation to each other; 

a plurality of Suction valves, one Suction valve associ 
ated with each Suction plenum and having a pair of 
oppositely oriented Slots, 

a Second Set of locating means extending from the 
Second major Surface of the valve plate to position 
each Suction valve in relation to and adjacent the 
Valve plate; 
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wherein when the valve plate assembly is assembled 
between the cylinder head and the cylinder block, the 
cylinder head gasket is adjacent the flange face of the 
cylinder head and between the cylinder head and the 
Valve plate, and the radii of the rings of the discharge 
valve retainer are below the plane formed by the flange 
face of the cylinder head and adjacent the circumfer 
ential Surface in the cylinder head So that the discharge 
Valve opens and deflects into contact with the discharge 
retainer during a discharge Stroke of the piston and 
closed into contact with the valve plate during a Suction 
Stroke, and the Suction valve opens by deflection away 
from contact with the valve plate during the Suction 
Stroke and closed into contact with the valve plate 
during the discharge Stroke. 

21. The compressor of claim 20 further including a valve 
plate gasket between the valve plate and the cylinder block. 

22. A cylinder head gasket for use in a reciprocating 
compressor to provide a Seal between a cylinder head and a 
Valve plate, comprising 

a flat piece of Sealing material having a perimeter, the 
gasket having a first Surface and a Second Surface, 

a plurality of apertures corresponding to apertures in the 
cylinder head; 

a plurality of rings, each ring corresponding to a bore in 
the cylinder head, each ring connected to an adjacent 
ring by a thin Strip of material and end rings in the 
plurality of rings adjacent to the perimeter connected to 
the perimeter by a thin Strip of material; and 

at least two slots, each slot located in the thin Strip of 
material between the perimeter and the end rings, 
wherein the slots are Snap fit over a locating means in 
the valve plate. 

23. The gasket of claim 22 wherein the gasket is a metallic 
material. 

24. The gasket of claim 23 wherein the gasket is a 
Stamped Steel. 

25. The gasket of claim 24 wherein the at least two slots 
are arcuately shaped to be preSS fit over the location means 
when the locating means are pins. 

26. The gasket of claim 25 wherein the at least two 
arcuately shaped slots have a Star pattern, being slightly 
Smaller than the pins. 

27. A discharge valve for use in a reciprocating compres 
Sor comprising: 
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a plurality of rings of flexible material, each ring corre 
sponding to a bore in the compressor, 

a Strip of material between each pair of rings joining each 
ring of the plurality of rings, and 

a pair of Slots positioned on the rings at opposed end of 
the valve for locating the valve in position on a valve 
plate. 

28. The discharge valve of claim 27 wherein the valve is 
comprised of a Spring Steel. 

29. A discharge valve retainer for use in a reciprocating 
compressor comprising: 

a plurality of rings of Substantially rigid material, each 
ring corresponding to a bore in the compressor, 

a Strip of material between each pair of rings joining each 
ring of the plurality of rings, 

a pair of Slots positioned on the rings at opposed end of 
the valve for locating the valve in position on a valve 
plate; and 

wherein each ring in the plurality of rings includes at least 
one radii, the radii transitioning Smoothly from about 
Zero adjacent to the Slots to a maximum between the 
slots and the Strip of material, Such that the valve 
retainer has a concave shape when viewed from a first 
Side and a convex shape when Viewed from the oppo 
Site Side. 

30. The discharge valve retainer wherein the valve 
includes two radii. 

31. A Suction valve for use in a reciprocating compressor 
comprising: 

a flexible material; the flexible material forming an inner 
concentric ring and an Outer concentric ring; 

a central slot within the inner concentric ring, 
at least one slot between the inner concentric ring and the 

Outer concentric ring, the central Slot and the at least 
one slot increasing the flow of a refrigerant through the 
Valve; and 

a pair of slots positioned at either end of the valve for 
locating the valve in position on a valve plate. 

32. The Suction valve of claim 31 wherein the flexible 
material is a Spring Steel. 
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